
METHOD FOR MANUFACTUR I NG MAGNETIC FIELD DETECTING 
ELEMENT AND METHOD FOR MANUFACTURING THE SAME 



CROSS - REFERENCE TO RELATED APPL I CATIONS 

Th i s appl i cat i on claim s tho bonof it of Koroan Patent Applicat i on No. 

2003 - 11807 f il ed F e bruary 26^ 2003| Kor e an Patent App l ication No. 2003- 
341 9 1 fi le d May 28^ 200 3 ;, i n th e Kor e an Into l ioctua l Property Off i ce^ th e 
d is c l o s ur e of wh i ch i s i ncorporat e d h e r e in by r e f e r e nc e , 
BACKGROUND 

BACKGROUND OF THE INVENTION 
4- . F iel d of tho Invont ion 
1 ■ Field of the Invention 

[0001] The present invention relates to a magnetic field detectino element 

and Th e pr ese nt inv e nt i on r el at e s to a method for manufacturing the same. 
IVIore particularlv, the present invention relates to a magnetic field detecting 
d e v i c e e lement and a method for manufacturing the same by forming a soft 
magnetic core and a coil in a thin film type on a semiconductor substrate using 
a semiconductor process. 

2.- Description of the Related Art 
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[0002] A -Conventionallv, a high sensitivity magnetic sensor wm ehas included a 

soft magnetic material and a coil ha s b ee n us e d a s . Such a magnetic sensor of 
h i gh sonsitiv i tv for a long t i m e . Such maonot i c s e nsor i s usua ll v is generally 
manufactured by winding a coil wound on a soft magnetic core, and requires an 
electronic circuit for obtaining a.magnetic field proportional to a.measured 
magnetic field.. Recently, a method for realizing a magnetic field detecting 
element of s uch magn e tic f il od dotocting o l om e nt of th e a .magnetic sensor m 
form of th e h as been suggested, in which a s oft magnetic thin film core and a 
plane thin film coil are formed o n thea semiconductor substrate using th e a 
semiconductor proces s, has b e en sugg e st e d . 

[0003] A general method for manufacturing a magnetic field detecting element 

using the-a.sem {conductor process w i l l bo br i ef l y d e scr i bed w i th r e f e r e nc e to 
HQ ris illustrated in FIGS. 1 A through HGr-1J i n tho fo ll owing.^ 

[0004] On tho f i rst p l aoo. ac shown in F I G. Referring to FIG. 1 A, the-a.first seed 

film 2 is formed on a semiconductor substrate 1 . Aft e r a A p hotoresist of a 
predetermined height (not shown) is sor e ad f ormed o n the first seed film 2, tho ^ 
In FIG. IB, a f irst plating mold 3 haying a plurality of grooves 3a is formed by 
exposing and developing procossoc as shown i n F I G. 1 B. Aft e r that, mota l i s 
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f ille d UP i n th e groov e t he photoresist. Next, the grooves 3a of the first plating 
mold 3 through th e are filled with metal by a p roces s such as an . e.g., electric 
plating^ so that a plurality of coil lines 4a, 4b .,.. may b e , etc. are formed^ as 
shown in FIG. 1C. Aft e r tha t Then , the first plating mold 3 and the seed film 
under the first p lating mold 3 are removed so that th e . thereby forming a f irst 
coil 4 consisting of a plurality of coil lines 4a, 4b ,... that . etc., which are 
insulated from each othe r may b e form e d^ as shown in FIG.-_1D. 
[0005] After the first coil 4 is formed, the-a.first insulating film 5 is formed at th e 

h e ight h i gher than the he i ght of t o cover the first coil 4 on the semiconductor 
substrate 1^ as shown in FIG. 1E. Aftor tha t Then , a soft magnetic material film 
is s pr e ad (not shown) is formed o n thean upper partsurface of the first insulating 
film 5i and the soft magnetic material film is patterned and etched to fomi a soft 
magnetic core 6 i s formed by a pattern format i on and e tch i ng (r e f e r to . as 
shown in FIG. 1F). 

[0006] Subsequently, a second insulating film 7 of a predetermined thickness is 

fomried on the soft magnetic core 6 of the semiconductor substrate 1^ as shown 
in FIG. 1G,-« ^. Then, as shown in FIG. 1 H, via holes 8a ^ and 8 b for 
communicating with the coil lines 4a-.and.4o forming both e nds a t either end of 
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the first coil 4, are formed, and a second seed film 9 is formed m-to a 
predetermined thickness on thean upper P€tf tsurface of the second insulating 
film 7T4he R. Next, a photor e s i st i s spread t hick photoresist (not shown) is 
formed o n the second seed film 9 and lhe-a.second plating mold 10 having a 
plurality of grooves 1 0a and having the via holes 8a. 8b formed therethrough is 
formed by exposing and developing procossoc. t he thick photoresist. 
[0007] Aftor that. asA s shown in FIG. 1 1, metal is f ill od up i n tho groove f ormed 

in the pluralitv of grooves 10a of the second plating mold 10 so that a plurality of 
coil lines 11a, lib .... may bo . etc. is formed., Then, the second plating mold 10 
and the second seed film 9 under the second plating mold 10 are removed-se 
that th e . therebv forming a second coil 1 1 consisting of ar -the p luralitv of coil 
lines 11a, 11 b ....that . etc.. which a re insulated each othe r may b e form e d^ as 
shown in FIG. 1J. 

[0008] Lastly^ -Finallv. alt hough not shown in th e draw i ng , a protection film is 

spread on the-an upper pa rtportion of the second coil 1 1 , whereby 
manufacturing of the magnetic field detecting element is completed. 

[0009] Bo tHowever . according to the foregoing general method for 

manufacturing the magnetic field detecting element, the seed film 2 between the 
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coil lines 4a, 4b7rr r. etc. s hould be removed in order for oach coi l l ino s o that the 
coll lines 4 a. 4brrr r. etc. constituting the first coil 4 to-ba ^re insulated from e ach 
other.. For that purpose, after the first plating mold 3 is removed, the prooocs of 
spr e ading th e insulating film 5 aoa i n i s added for th e must be formed on the first 
coil 4 for subsequent proces s, wh e r e b v es. thereby complicating the 
manufacturing process i s comp l icated.^ . 
[001 0] I n tho moant i me, the in addition, performance of the soft magnetic core 6 

in the foregoing magnetic field detecting elemen t, i s not v e ry good in cas e that 
is poor because the semiconductor substrate 1 for supporting the soft magnetic 
core is not e v e n. 6 is uneven. Since hav i ng such structur e that t he first coil 4 is 
projected et wnto the semiconductor substrate 1 , the general magnetic field 
detecting element has w e ak po i nt a weakness in t hat the thickness of the first 
and the second insulating films 5, 7 for i nsulat i on and p l anarizat i on, 
bocomos mav become thick.. If the th i ckness of th e insulating films 5, 7 
b e com e s become t hick, not only does t he wholo thickness of th e e ntire element 
becomes thick^ but alse-the process for forming the via holes 8a, 8b-fef 
connectin o , which connect the first coil 4 with the second coil 11^ becomes 
difficult.. Also, a pitch between the coil line s that has an i nf l u e nc e on th e , which 
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influences performance of the sensor aete -becomes large, which shows a 
causing further negative effec ts in the element . 

SUMMAR Y OF THE INVENTION 

[001 1 ] Accord i ngly, th e pr es ent I nvention has be e n made to colvo tho 

above - m e nt i on e d orob l oms occurr i ng in tho convontional art, and T he present 
invention is therefore directed to a magnetic field detecting element and a 
method for manufacturing the same, which substantially overcome one or more 
of the problems due to the limitations and disadvantages of the related art. 

[001 2] It is a feature of an obiee tembodiment of the present invention is-to 

provide a method for manufacturing a magnetic field detecting element , wher ei n 
having a simple manufacturing process i s si mpl e and ther e ar e sma ll 
restr i ctions^ in mat e r i a l s usab le for an i nsulat i ng f il m sinc e w hich a plating mold 
needs not te-be removed for removal of the-a.seed film iof Ao provide insulation 
between coil lines , therebv reducing restrictions on a material suitable for use 
as an insulating film . 

[0013] It Is another obiee tfeature of an embodiment of the present invention is-to 

provide a method for manufacturing a magnetic field detecting elemen t, capab l e 
of oasi l y porform i no p l anarizat i on having a simple manufacturing process, in 
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which planarization o f the-a.semiconcluctor substrate on which a coil is formed 
may be easily performed , and of s i mp l ifv i na th e process s i nc e th e in which a 
thickness of the-aplanarization material i o th i n, and film for c onstructino the 
magnetic field detecting element m-aare thin film typo as we l l . 

[00 1 4] The for e oo i na lt is still another feature of an embodiment of the present 

invention to provide a magnetic field detecting element havino Improved 
performance manufactured bv a simplified process, 

[001 5] At least one of the above and other obieet efeatures and advantages afe 

of the present invention mav be realized by providing a method for 
manufacturing a magnetic field detecting element consist i ng of h aving a soft 
magnetic core formed on a semiconductor substrate^a^ first and a-second coils 
arranged on the-upper and the-lower partssurfaces of the soft magnetic core, 
respectively, the first a nd second colls each having a plurality of coil lines, 
rospoct i vo l y, t he method compris i ng tho stops of : including forming a seed film 
of-to a predetermined thickness on the semiconductor substratej^ removing a 
portion of t he seed film musing a predetermined pattern so that a -each of the 
plurality of the-coil lines constituting the first coil that would b e is subseouentlv 
formed on a remaining portion of t he seed film may bo part i t i oned each oth e r; is 
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separated from the others, forming a first plating mold having a plurality of 
grooves that corr e GPonds corresponding to the predetermined pattern, on an 
upper pa rtportion of the seed f ilmt^ forming a -the p luralitv of the-coil lines 
constituting the first coil by filling w -the pluralitv of grooves of the first plating 
mold with metal4fi -, forming t he groov e of th e f i rst plat i ng mo l d; forming a s oft 
magnetic core and the second coil on an upper pa rtportion of the semiconductor 
substrate and on the remaining portion of the seed film w here the first coil is 
formedii and cutting off fouf-edges of the semiconductor substrate so that a 
each of the p luralitv of the-coil lines part i tionod separated by the predetermined 
pattern mav b e a re insulated from each other. 

[001 6] The sto p Removing the portion of r e mov i ng t he seed film mav f urther 

Gompr i sos tho st e ps of: spr e ad i ng a include forming a p hotoresist laver o n an 
upper surface of the seed film ; form i ng a pr e d e t e rm i n e d patt e rn that wou l d be 
romovod, by^ exposing and developing the photoresist r to form the 
predetermined pattern, and etching the seed film according to the 
predetermined p attern. 

[001 7] Also, m e tal is f ille d up i n Filling the qfoov epluralitv of grooves of the first 

plating mold with uso of an metal may include electric plating. 
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[0018] Also, th e stop of formina a soft maanotio cor e furthor GomDrico c Formina 

the s t e p s of: p e iformino p l anar i zation of soft magnetic core may further include 
planarizing an upper surface of the semiconductor substrate on which the first 
coil is formedrx spreading an insulating film on a ftthe planarized upper surface of 
the semiconductor substrate for wh i ch planarizat i on has b e en perform e d;^ , 
spreading a soft magnetic material film on an upper pa rtsurface of the insulating 
filmf^ forming a pattern of a soft magnetic coro through e xpos i ng and dovolop i ng 
proc e ss e s aft e r spreading a photoresist layer o n the soft maonetic material film 
and exposino and developing the photoresist layer to form a pattern of t he soft 
magnetic mater i a l f il m: c ore, and etching the soft magnetic material film 
according to the pattern. 

[001 9] Atee rFormino the step of form i ng a soft magnetic core oou l d a l so b e 

roa li zod bv othor mothod compr i s i ng tho stops of : mav include removing the first 
plating mold : spreading . forming a n insulating film atto a height hiahe foreater 
than a height of the first coily on an upper partsurface of the semiconductor 
substrate from which the first plating mold has been removedrj^spreading a soft 
magnetic material film on an upper pa rtsurface of the insulating filmic forming a 
pattern of a photoresist layer on the soft magnetic core through m aterial film and 
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exposing and developing proc e ss e s aft e r sproad i ng a photores i st on t he 
photoresist layer to fornn a pattern of t he soft magnetic mater i a l f i lm: core. and 
etching the soft magnetic material film according to the pattern. 
[0020] According to a prof orrod ombod i mon tA t least one of the pr e s e nt 

i nv e ntion, tho forogo i ng a bove and other ob i octs f eatures and advantages afe-of 
the present invention mav be realized by providing a method for manufacturing 
a magnetic field detecting element con si st i ng of havino a soft magnetic core 
formed on a semiconductor substratei-a^ first and arsecond coils respectively 
arranged on upper and lower partssurfaces of the soft magnetic core, anctthe 
first and second coils each having a plurality of coil lines, r e sp e ct i ve l y, t he 
method compr i sing th e st e ps of l including forming a first seed film ofto a 
predetermined thicl<ness on the semiconductor substratefi removing a portion of 
the first seed film i ausing a predetermined first pattern so that ar ^ach of the 
plurality of coil lines constituting the first coil that wou l d bo t o be subseouently 
formed on the first seed film mav b e part i tioned each oth e r: is separated from 
the others, forming a first plating mold having a plurality of grooves that 
corr e spond corresponds to the predetennined first pattem, on an upper 
paf tportion of the first seed filmic forming a the plurality of coil lines constituting 
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the first coil by filling up mota l i n th e aroov e t he plurality of grooves of the first 
plating mold T with metal, forming a the soft magnetic core on the semiconductor 
substrate where the first coil is formedix forming a second insulating film on the 
semiconductor substrate where the soft magnetic core is formedri forming a 
second seed film on an upper surface of the second insulating filmic removing 
the second s eed film musing a predetermined second pattern so that a plurality 
of coil lines constituting the second coil that wou l dto be subseouentlv f ormed on 
the second seed film may b e partition e d are separated from each otherj^ forming 
a second plating mold having a plurality of grooves that 

oorr e spond s corresponding to the second pattern, on an upper pa rtportion of the 
second seed filmic forming a plurality of coil lines constituting the second coil by 
filling up m e ta l i n the aroov e t he plurality of Grooves of the second plating moldi 
with metal, and cutting off edges on fow-sides of the semiconductor substrate 
so that a -each of the p lurality of the-coil lines constituting the first and the 
second coils partition e d seoarated by the first and the second patterns may b e 
are insulated from each other. 

Accord i ng to anoth e r e mbodim e nt of th e pr e s e nt inv e nt i on, th e 
for e going and oth e r objects and advantag e s ar e roa l izod by provid i ng a method 
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for manufacturing a magnot i c fiold dotooting olomont inc l uding tho ctops of: 
form i ng a f i rst co ll on an upp e r part of a s e m i conductor s ub s trat e ; aft e r form i ng 
a soft magn e t i c core on an upp e r part of th e f i rst co i l w i th an i nsu l at i ng film 
i nt e rv e ned, fomi i ng a s e cond co il on an upp e r part of th e soft magnet i c cor e 
with another i nsulating f i lm intorvonod, tho method compr i s i ng tho stop of: after 
form i ng a w e l l of a pr e d e t e rm i n e d dept on th e semiconductor substrat e , 
arranging the first coil i n an i ns i d e of th e w ell le st th e f i rst co il shou l d b e 
proj e ct e d to a surfac e of th e s emiconductor cubstrato. 

According to st ill anoth e r e mbod i m e nt of th e pr e s e nt i nv e nt i on, th e 
for e going and oth e r obj e cts and advantag e s ar e roa l izod by provid i ng a method 
for manufacturing a magn e t i c f iel d d e t e cting e l e m e nt compris i ng tho stops of: 
preparing a sem i conductor substrate; form i ng a wol l of a prodotorminod dopt on 
th e s e m i conductor substrat e ; form i ng a f i rst co il cons i st i ng of a plura li ty of co il 
li nes i n tho i ns i de of the wel l of tho som i conductor substrate; form i ng a f i rst 
i nsulat i ng fi l m on an upp e r part of th e s e m i conductor s ubstrat e i ncluding the 
w e l l ; form i ng a soft magnet i c cor e on an upp e r part of th e first insu l ating f il m; 
form i ng a s e cond in s u l at i ng fi l m on an upp e r part of th e f i r s t i n s u l at i ng f i lm 
includ i ng tho soft magnot i c cor e ; and form i ng a second co il that corroopondG to 
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th e f i rst co i l, on an uppor part of th e s e cond insulat i ng f il m. 

H e re, it is pr e f e rab le that th e w el l is form e d i n s uch a way that the w ell 
has an i nc li n e d s i d e wa ll that i s gradua ll y i no l inod i n its i ns i d e from i ts uppor part 
to i ts bottom by tho e tch i ng proc e ss. 

[002 1 ] A l so, th e st e p of forming th e first co il furth e r compr i ses th e st e ps 

o feFilling the plurality of grooves of the first and the second platino molds with 
metal may include electric plating. 

[0022] Forming the soft magnetic core may further include planarizino an upper 

surface of the semiconductor substrate on which the first coil is formed, 
spreading a first insulating film on the planarized upper surface of the 
semiconductor substrate, spreading a soft magnetic material film on an upper 
portion of the first insulating film, forming a photoresist layer on the soft 
magnetic material film and exposing and deyeloping the photoresist layer to 
form a pattern of the soft magnetic core, and etching the soft magnetic material 
film according to the pattern. 

[0023] At least one of the above and other features and advantages of the 

present invention may be realized bv providing a method for manufacturing a 
magnetic field detecting element, including forming a well to a predetermined 
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depth in a semiconductor substrate, forming a first coil on the semiconductor 
substrate, the first coil being arranged within the well below an upper surface of 
the semiconductor substrate, forming a first insulating film on an upper portion 
of the first coil and forming a soft magnetic core on an upper portion of the first 
insulating film, forming a second insulating film on an upper portion of the soft 
magnetic core, and forming a second coil on an upper portion of the second 
insulating film. 

[0024] At least one of the above and other features and advantages of the 

present invention may be realized by providing a method for manufacturing a 
magnetic field detecting element including preparing a semiconductor substrate, 
forming a well to a predetermined depth in the semiconductor substrate, forming 
a first coil consisting of a plurality of coil lines within the well of the 
semiconductor substrate, forming a first insulating film on an upper portion of 
the semiconductor substrate including the well, forming a soft magnetic core on 
an upper portion of the first insulating film, forming a second insulating film on 
an upper portion of the first insulating film including the soft magnetic core, and 
forming a second coil corresponding to the first coil, on an upper portion of the 
second insulating film. 
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[0025] Forming the well may include etching inner sidewalls of the well to be 

gradually Inclined from an upper portion of the well to a bottom of the well. 

[0026] Forming the first coil may further include forming a first seed film on a 

surface of the welli^ forming a first plating mold haying a plurality of grooyes on 
the first seed filmic, forming a plurality of coil lines constituting the first coil by 
filling up m e ta l i n e ach grooy e t he plurality of grooyes of the first plating moldf 
with metal, and remoying the first plating mold and the first seed film under the 
first plating mold. 

[0027] Al s o, th e st e p of form i ng th e se cond coil furth e r compr i s e s the st e p s 

of fFilling the plurality of grooyes of the first plating mold with metal may include 
electric plating, 

[0028] Forming the second coil may further include forming a yia hole by etching 

the first and the-second insulating films on both sides of the soft magnetic coroy 
form i ng a socond seed film on an upp e r surfac e of the s e cond i nsu l ating f il m on 
wh i ch th e v i a ho le is formed; ^ forming a second p l at i ng mold hav i ng a p l urality 
of grooves, on the second s eed film T on an upper surface of the second 
insulating film in which the via hole is formed, forming a second plating mold 
having a plurality of grooves on the second seed film, forming a plurality of coil 
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lines constituting a second coil by filling up m e ta l i n e ach aroov e t he plurality of 
grooves of the second plating mold - with metal a nd connecting the first coil with 
the second coil through the via holefx and removing the second plating mold and 
the second seed film under the second plating mold. 

[0029] A l so, a m e thod for manufactur i ng a magn e tic f ie ld d e t e cting e l e m e nt 

accord i ng to th e pr es ent i nvent i on. Filling the pluralitv of Grooves of the second 
plating mold with metal mav include electric plating. 

[0030] The method mav further compr i s e s th e st e p of include forming a 

protection film for prot e ct i ng structur e s on the semiconductor substrate including 
the second coll to protect a structure formed thereon . 

[0031] Th e for e go i ng obi e cts A t least one of the above and other features and 

advantages of the present invention is -mav be realized by providing a magnetic 
field detecting element compr i 6 i ng: including a semiconductor substratei^ a soft 
magnetic core formed on an upper paFtQOrtion of the semiconductor sut^stratef^ 
an insulating film positioned on an upper and a lower part sportions of the soft 
magnetic coref^ and a-first and €hsecond coils formed i n such a way that thoso 
eoite -. each including a pluralitv of coil lines, formed to enclose the soft magnetic 
core with the soft magn e t i c cor e and th e insulating film int e rv e n e d, and hav i ng a 
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p l ura li ty of co il lin e s. rosDoct i vel v intervenina therebetween , wherein a well of a 
predetermined dept depth is formed on-in the semiconductor substrate and the 
Diuralitv of c oil lines constituting the first coil are arranged in tho ino i do ofv idthin 
the well. 

[0032] Accord i ng to th e pr e forrod ombod i m e nt of th e present i nvent i on, a 

magnet i c fi e ld d e t e cting ele m e nt has th e construct i on such that a height of the 
coil lines and a dee tdepth of the well ar emav be the same. 

[0033] A l so, th e T he first coil temav be positioned at the-a_lower part of th e soft 

magnet i c cor e and th e s e cond co i l is pos i tion e d at th e upp e r par t portion of the 
soft magnetic coror and th ethe second coil may be positioned at an upper 
portion of the soft magnetic core, and the plurality of coil lines of the first and the 
second coils afe -may be c onnected by moans of a third coil f ill ed i n tho f illino a 
yia hole formed by passing t hrough the insulating film on both sides of the soft 
magnetic core. 

Also, th e w ell ha s an i nc l in e d s i d e wall that i s gradua ll y inc li n e d i n its 
insid e from i ts upp e r part to i ts bottom. 
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[0034] Inner sidewalls of the well may be araduaHv inclined from an upper 

portion of the well to a bottom of the well. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0035] The above obj e cts and other features and a dvantages of the present 

invention will b ebecome more apparent from th e fo ll owing d e ta ile d d e scr i pt i on 

wh e n tak e n t o those of ordinary skill in con j unct i on w i th th e accompanv i na t he art 

bv describing in detail exemplary embodiments thereof with reference to the 

attached drawingsy in which: 
[0036] FIGS. 1 A through F I G. 1J afe -illustrate c ross-sectional views fef 

e xpla i ning the of stages in a g eneral method for manufacturing a magnetic field 

detecting element; 

[0037] FIGS. 2A through F I G. 2 K afe -illustrate c ross-sectional views fef 

explaining of stages in a method for manufacturing a magnetic field detecting 
element according to an embodiment of the present invention; 

[0038] FIG. 3A teillustrates a plan view showing a status that a seed film formed 

on the-a.semiconductor substrate is removed by a predetermined pattem; 
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[0039] FIG. 3B Is -i I lust rates a plan view showing a cut-off line for cutting off the 

semiconductor substrate in order to insulate coil lines after fomning a plurality of 
coll lines on the seed film shown in FIG. 3A; 

[0040] FIG. 4 4 sil lust rates a cross-sectional view for e xpla i n i ng o f a modified 

example of a method for manufacturing a magnetic field detecting element 
according to an embodiment of t he present invention; 

[0041] FIGS. 5A through FIG. 51 ape -illustrate c ross-sectional views for 

e xo l a i n i ng of stages in a method for manufacturing a magnetic field detecting 
element according to another embodiment of the present invention; 

[0042] FIGS. 6A through F I G. 6H afe -lllustrate c ross-sectional views iof 

e xplain i ng of stages in a method for manufacturing a magnetic field detecting 
element according to still another embodiment of the present invention; and 

[0043] FIGS. 7A through F I G. 7 H aF elllustrate cross-sectional views taken along 

line Ill-Ill of FIGS. 6A through F I G. 6H, respectively. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS INVENTION 
[0044] A pr e f e rred ombod i mont of tho K orean Patent Application Nos. 2003- 

1 1807. filed February 25, 2003. and 2003-34191 . filed Mav 28. 2003. are 
incorporated herein by reference in their entirety. 
[0045] The p resent inyention will now be described more fully hereinafter w ith 

reference to the accompanying drawinos , in which exemplary embodiments of 
the inyention are shown. The inyention may, howeyen be embodied in different 
forms and should not be construed as limited to the embodiments set forth 
herein. Rather, these embodiments are provided so that this disclosure will be 
thorough and complete, and will fully conyey the scope of the inyention to those 
skilled in the art. In the drawinos. the thickness of layers and regions are 
exaggerated for clarity. Like reference numerals refer to like elements 
throughout . 

[0046] The matters defined in the description such as a detailed construction 

and elements are nothing but the ones provided to assist in a comprehensive 
understanding of the invention. Thus, it is apparent that the present invention 
can be carr i ed out performed w ithout those defined matters. Also, well-known 
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functions or constructions are not described in detail since they would obscure 
the invention in unnecessary detail. 

[0047] RG tFIGS. 2A through RGr-2K af eillustrate views showing process 

Gf -staaes in a method for manufacturing a magnetic field detecting element 
according to an embodiment of the present invention.. Referring to th e s e 
drawings, th e first st e p i n th e m e thod for manufactur i ng a magn e t i c fi el d 
d e t e ct i ng e le ment accord i ng to an e mbod i m e nt of th e pr e s e nt i nv e ntion i s to 
fofm -FIG. 2A. an oxidation film (not shown) for electric insulation T is formed on a 
semiconductor substrate 100, and to form th e a.first seed lavei ^film 102 for 
platinor - is formed o n that -the oxidation film as shown in F I G. 2A„ 

[0048] After tha t Next , as shown in FIG. 2B, the first seed film 102 

SBfea dformed on the semiconductor substrate 100 is partially removed w i th use 
©fusing a predetermined pattern , i . e ., the patt e rn such as that s hown in FIG. 
3A. .The partial removal of the first seed film 102 is for insulating, in a simple 
manner, a plurality of coil lines constituting the-a.first coil that would b eis 
subseouentlv formed on the first seed film 102 . In FIGS. 2B and that wou l d bo 
descr i bed bo l ow. More, the 3A, reference numerate 103 and 107 in F I G. 3A 
af eindicates a seed film pattern that wouldto be removed aw df rom the first seed 
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film 102. In FIG. 3A. reference numeral 107 indicates a position of a 
subsequently formed p lurality of the-coil line s that wou l d b e d e scr i b e d b el ow, 
r e sp e ctiv el y.^ As shown in tho draw i nq FIG. 3A . the patt e m p attern 1 03 is 
positioned between a p l ura l ity of th e a diacent coil line s, whorobv a of the 
plurality of coil lines 107. and each one of the plurality of the-coil lines is 
partitioned from th e n e iahborina adiacent coil lines and connected through the 
seed film 102 (of FIG. 2B) a t t^^e-edaes r thereof 102a, As a result, as shown in 
FIG. 3B, if four lines 1 10 connecting the edges 1 02a o f the pattern 103 are cut, 
the positions of the coil lines are insulated from e ach other. 

The -Partial removal of sueh -the f irst seed film 102 i s perform e d in 

th e fo ll ow i ng way, i n wh i ch th e s ee d f i lm patt e rn 103 that wou l d be removed by 
e xpos i ng and d e v el oping proc e ss e s i s form e d after th e photores i st is spread on 
tho f i rct cood f il m 102. At th e moment, tho of FIG. 2A is performed bv first 
applying a photoresist layer (not shown) on the first seed film 102 and exposino 
and developino the photoresist layer to form a pattern. Then, the seed film 
pattern 1 03 to be removed is etched usino the photoresist pattern as an etchino 
mask. The s eed film pattern 103 that would t o be removed is formed in-such a 
way-that parts 102b^ where a plurality of coil lines 107 constituting thea first coil 
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106 weuld -(of FIG. 2D) are to be formed, are insulated from e ach other^ and 
edges 102a are connected to each other as shown In FIG. 3A. 

Namely, tho T he seed film 102 is electrically connected from a_viewpoint 

of the whol eentire semiconductor substrate 1 00, but the parts 1 02b^ where a 
the p lurality of the-coil tines -lines 107 constituting the first coil 106 wetridareto 
be formed, 46-are.fonned in such a way that the parts 1 02b eeuldcan be 
electrically insulated from e ach other if the connection parts, i.e., the edges 
102ai are cut._ Here, generally, the first coil is formed in such a way that an 
exciting coil and an magnetic field detecting coil are wired one time by turns. 
Also, only one of either the exciting coil or the magnetic field detecting coil may 
be wired in aLform of a solenoid. Aft e r tha t Then, the pattern 103 of the seed 
film 102 is remoyed through etching, then-the photoresist is remoyed, whoroby 
and partial remoyal of the seed film is compl e t e d. 

[0050] Thon, aftor tho photoroc i st i s cproad thick on tho uppor ourfaco of 

the f i rst s ee d fi l m 102 that has b ee n part i al l y r e moy e d with u s e of a 
pred e t e rm i nod pattern 103, th e f i rst plating mold 10 4 hay i ng a plura li ty of 
grooyos 104a i s form e d by e xpos i ng and dey el oping proc es s es (ref e r to F I G, 
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2C), and motal io f ill od i n tho groovo 101a of tho first mo l d 10^, so that a 
Plura l ity of co il l i n e s 107. 107a con s titut i ng is complete, as shown in FIG. 2B. 

[005 1 ] Referring to FIG. 2C. a first platinc mold 104 is formed on an upper 

surface of the first seed film 102. which has been partially removed using the 
predetermined pattern 103. and a thick photoresist layer is formed, exposed 
and deyeloped on the first plating mold 104. thereby forming a plurality of 
grooves 104a in the first plating mold 104. Each of the plurality of grooves 104a 
of the first plating mold 104 is filled with metal, thereby forming a plurality of coil 
lines 107. 107a, etc.. which form t he first coil 106, is form e d. At th e mom e nt.a s 
shown in FIG. 2D. If the metal is deposited by electric plating, metal sticks to 
and grows on the seed film i n th e l ow e r part of th e groov e 102 at a bottom of 
the grooves 1 04a of tho f i rst plat i ng mold 101. wh e robv a . whereby the plurality 
of coil lines 1 07, 1 07 a. etc. is formed as shown i n F I G. 2D . 

[0052] After that, with planarizing or othenA^ise leveling an upper surface of the 

first plating mold 10 1 procossod ovon l y , a first insulating film 120 is formed Into 
a predetermined thickness on that ev e n l y proc e ss e dt he level upper surface of 
the first plating mold 104. a s shown in FIG. 2E. .Then, a soft magnetic material 
film (not shown) is stacked on thean upper partsurface of the first insulating film 
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120 and a soft magnetic core 122 is formed by pattern formation and etching 
(r e f e r to of the soft magnetic material film, as shown in FIG. 2F). 

[0053] I n tho moant i mo, thoA n insulating film for forming the soft magnetic core 

122 may be formed in-such a-way-that the first plating mold 104 is removed and 
the insulating material is sor e ad in f ormed on the semiconductor substrate 100 
to have a height highe roreater than a h ei ght t hat o f the first coil 1 06, on th e 
s e m i conductor substrat e 100 s o that a first insulating film 120 A 120a is formed^ 
as shown in FIG.-_4. According to such method, th e r e i s a strong point that 
planarizat i on proc es s ne e ds not to b e p e rformed. Forminc the insulation film 
120a for formino the soft magnetic core 122 accordino to such a method 
eliminates the need to perform a olanarization process. 

[0054] After the soft magnetic core 122 is formed i n a forego i ng mann e r , a 

second insulating film 125 is formed w-to a predetermined thicknessr on the first 
insulating film 120 of the semiconductor substrate 100^ as shown in FIG. 2G. 
Then, a-via hote -holes 1 35 for communicating with the-coil lines that form both 
ends of the first coil 1 06r4 6 are formed at -through t he second insulating film 
125. 
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[0055] After tha tT hen . as shown in FIG. 2H, a second seed film 130 is formed 

on the-an upper surface of the second Insulating film 125 and a photoresist (not 
shown) is thickly s pread thiek-on the second seed film 130 , then a . A s econd 
plating mold 132 having a pattem that corresponds to a shape of a second coil 
136 (of FIG. 21) , i.e., a plurality of grooves 132a, is formed by exposing and 
developing processes. At the momen t At this time , the second coil 136^ which 
corresponds to the first coil 106, may be formed in such a way that an exciting 
coil and an magnetic field detecting coil are wired one time by turns, or only one 
of either the exciting coil or the magnetic field detecting coil may be wired in a 
form of a solenoid. 

[0056] Aftor that, mota l i s f i llod i n tho aroovo Each of the pluralitv of grooves 

132a of the second plating mold 132 is then filled with metal bv electric plating 
so that a plurality of coil lines 137, 137 a, etc. constituting the second coil 136 is 
formed (r e f e r to FIG. , as shown in FIG. 2I>t^ Then, if the second plating fneld 
mold 132 and the seed film under that second plating mold 132 are removed, a 
magnetic field detecting element having the second coil 136 is obtained^ as 
shown in FIG. 2J. 
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[0057] In FIG. 2 K shows that^ a protection film 140 for protecting structures 

including the second coil 136 is formed on the-an upper part -port ion o f the 
second coil 1 36. 

[0058] As previously d escribed, after the first coll 1 06, the soft magnetic eefe 

core 122, and the second coil 136 are formed on the semiconductor substrate 
substrate 1 00, a portion edae portions 1 02a that corr e sponds to th e edg e s of the 
first seed film 1 02 te -are c ut off along a cut-off line 1 1 0. as shown in FIG. 3B, by 
a^dlcing process as shown i n FIG, 3B.^ Thus, as shown in th e draw i ng, a FIG. 
3B, each of the p lurality of the-coil lines 107 constituting the first coil 106 is 
electrically separated and insulated each oth e r from the others . 

[0059] FIGS. 5A through FIG. 51 af eillustrate cross-sectional yiews showing 

stages in a nother embod i m e nt of th e pr e s e nt inv e ntion. A m ethod for 
manufacturing a magnetic field detecting element according to thean 
embodiment of the present invention Ic charaotor i zod in app l y i ng tho 
charact e rist i c structur e and proc e ss of th e pr e s e nt i nv e ntion in form i ng th e 
second co il 136 as we ll as th e abovo dosor i bed first coi l 106, wh i ch w ill be 
descr i b e d i n the fo ll ow i ng. . 
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[0060] S i nco tho ln FIGS. 5A through 51, processes up to thea process for 

forming the second insulating film 125 after forming the oxidation film on the 
semiconductor substrate 100, as shown in FIGS. 5A through 5E. a re the same 
as those in the foregoing embodiment shown in FIGS. 2A through 2G. 
Therefore, a detailed description thereof will be omitted. 

[0061] As shown in FIG. 5F. a second seed film 141 is fomied on an upper 

surface of the second insulating film 125. and the second seed film 141 is 
partially removed in a manner similar to that used for partial removal of the first 
seed film 102. Namely, after a photoresist (not shown) is thickly spread on the 
second seed film 141 . a seed film pattern 141a to be removed is formed bv 
exposing and developing processes. At this time, the seed film pattern 141a to 
be removed is formed in such a way that each one of the plurality of coil lines 
137 constituting the second coil 136 is insulated from each adjacent coil line, 
but each of the plurality of coil lines 137 is connected at edges of the seed film 
141 . More specifically, the seed film pattern 141a is formed in the same 
manner as the seed film pattern 103 of the above-described first seed film 102. 

Therefore, if the semiconductor substrate 100 is cut off along its edges, 
each of the plurality of coil lines 137 is electrically separated and insulated from 
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the others. It is preferable that a cut-off line (not shown) of the second coil 136 
is overlapped on the cut-off line 11 0 of the first coil 106 so that t he process of 
tho forogo i ng ombod i mont (roforto F I G. 6A through F I G. 6E), dota ll od 
d e scr i pt i on th e r e of w i l l b e om i tt e d. 

N e xt, as shown in F I G. 6F, a s e cond s ee d f il m 141 is form e d on th e 
upp e r surfac e of th e s e cond i nsu l at i ng fi l m 126, and that second cood f i lm ^A^ 
i s part i a l ly r e mov e d by th e s am e m e thod and pattern as thos e of th e first s ee d 
fi l m 102. Namely, after th e photoresist i s spread on th e s e cond s ee d f i lm 111 , a 
s ee d fi l m patt e m 141a that wou l d be r e mov e d i s form e d by expos i ng and 
dovo l op i ng processes. At the mom e nt, th e s ee d film patt e rn 141a that wou l d b e 
r e mov e d, i s formed in such a way that a p l ural i ty of th e coil l in e s 137 
constitut i ng tho second coil 136 i s insulat e d e ach oth e r i n th ei r s i d e s and a 
p l ural i ty of tho co il li nos 137 is connoctod by moans of tho odgos of the s e od 
f il m 1 4 1 . Namely, the seed f i lm patt e rn 141a i s formed i n th e samo manner as 
th e patt e rn 103 of th e abov e- d e scrib e d f i rst s ee d film 102. 
[0062] Thoroforo, i f tho oomiconductor substrate 100 i s cut off a l ong its odgoo, 

th e co il l in e s 137 ar e ele ctrica ll y se parat e d and i nsu l at e d. At th e mom e nt, i t is 
proforablo that tho cut - off l ino (not shown) of tho second coi l 136 is overlapped 
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on tho cut - off li no 110 of tho f i rct co il 106 so that a plural i ty of tho Pluralities of 
coll lines 107, 137 constituting the first and the second coils 106, 136, 
respectively, is -are separated and insulated simultaneously by on e t i m e of a 
single dicing process. 
[0063] After that ^formation of the seed film pattern 141a« a p hotoresist (not 

shown) is spread thie kthicklv on thean upper surface of the second seed film 
141 that has been partially removed by a predetermined pattern, then -and a 
second plating mold 142 having a pattern that corresponds to the second coil 

136, i.e., a plurality of the grooves 142a, is formed by exposing and developing 
processe s (r e f e r to F I G. , as shown FIG. 5G ). Aft e r that . Then , as shown in FIG. 
5H, m e ta l i s f i l l ed in tho groove each of the pluralitv of Grooves 142a of the 
second plating mold 142 is filled with metal s o that a -the p luralitv of the-coil lines 

137, 137 a, etc. is formed. 

[0064] Tt=^e ftln FIG. 51 , a protection film 150 is spread on th e t hen formed on an 

upper part of th e structures portion of a resultant structure including the second 
plating mold 142 . and finall y . Finallv, the semiconductor 100 is cut off along 
edges thereof a ccording to a cut-off line 1 10 by the dicing process (r e f e r to 
RG t. as shown in FIG. 3B^. 
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S i nco tho plating mold noodo not to bo romovod for remova l of the oood 
fi l m a s d e scr i b e d abov e accord i ng to th e method for manufactur i ng th e 
magn e t i c fi el d d e t e ct i ng element of th e pr e sent invent i on, I t i s poss i b le to 
prov i de tho magn e t i c f iel d d e t e ct i ng ele m e nt such that th e manufactur i ng 
proc e ss is s i mp l e and th e r e ar e small r es tr i ct i ons in mat e ria l s us e d for the 
i nsu l ating f il m. 

[0065] The accompanvino FIG. A ccording to methods for manufacturino a 

maonetic field detecting element of the present invention as described in the 
above embodiments, since a plating mold does not need to be removed to 
perform partial removal of a seed film, it is possible to provide a simplified 
manufacturing process for a magnetic field detecting element in which a 
material used for an insulating film is relativelv unrestricted. 

[0066] FIGS. 6A through F I G. 6 H ar e draw i ngs for e xp l ain i ng illustrate stages in 

a method for manufacturing a magnetic field detecting element according to still 
another embodiment of the present invention , and F I G. . FIGS. 7A through HGr 
7H af eillustrate cross-sectional views taken along lines lli-lll of FIG. 6A through 
FIG. 6H, respectively. 
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[0067] Referring to FIGS. 6H and PI€h-7H, thea magnetic field detecting 

element manufactured according to the-a.manufacturing method of the present 
invention , oompr i sos: includes a semiconductor substrate 2007^ a soft magnetic 
core 220T4hex first and the-second insulating films 230, 240 positioned at the 
upper and the-lower part sportions of the soft magnetic core 2207^ and the-first 
and the-second coils 250, 260 formed in such a wa vmanner that thes ethe first 
and second coils 250, 260 e nclose the soft magnetic eore-core.220 with the soft 
magnet i c cor e 220 and th e insulating films 230, 240 int e rven e d, and intervening 
between the soft magnetic core 220 and the first and second coils 250, 260, 
respectivelv. the first and second coils 250, 260 each having a plurality of coil 
lines 251, 252,..., and 2 61 , 262,..., respectively. 

[0068] The first coil 250 is positioned on th e a t a lower side of the soft magnetic 

GQfe -core 2 20. and the second coil 260 is positioned on th e at an upper side of 
the soft magnetic core 220. Part i oularl v More particularlv . the semiconductor 
substrate 200 has an approx i mat el y r e ctangu l ar a.wel I 21 1 that co ll ap s es i n a 
prodotermin e d d e pt f ormed therein to a depth ( D of FIG. 6B) f rom tt san upper 
surface of the semiconductor substrate 200. and the first coil 250 is arranged 
within the ins i d e of that w ell w ell 2 1 1-se4ha t. Therefore, the first coil 250 may 
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not be exposed to the surface of the semiconductor substrate 200 according to 
th e charact e r i ctics of the pr e sent invent i on.^ 

[0069] TheA height £H of a rFIG. 6B) of the P lurality of the-coil lines 61 -251. 252. 

etc. constituting the first coil 250 formed with in the i ns i d e of th e w ell 21 1 is the 
same as the deet depth of the well 21 1 Therefore, thean upper surface of the 
coil lines 251 maintains thea same plane as the upper surface of the 
semiconductor substrate 200. 

[0070] As described above, unlike the-a.conventional a rtmaonetic field detecting 

element , since the first coil 250 isdoes not pro je ct e d to proiect beyond the upper 
surface of the semiconductor substrate 200^ but is formed in the well 21 1 of the 
substrate 200 to have an upper surface at a s ame plane as the upper surface of 
the semiconductor substrate 200 in the i ns i de of tho we l l 21 1 of th e . it is easy 
to planarize the s emiconductor substrate 200, i t i s e asy to perform planar i zat i on 
of th e semiconductor substrat e 200 i n which th e f i rst co i l 260 is formed a nd it is 
possible to make very thin th e a.thickness of a planarization material, fof 
oxamp le . such as the insulating films 230, 24 0. to be thin . 

[0071] Therefore, performance deterioration of thea soft magnetic core 220 

generated due to unevenness of tho in a conventional semiconductor substrate 
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and difficulty in an etching process generated due to tho charact e ristics that the 
thickn ess of th e a thick insulating film i s th i ck, ar e r e so l ved and in a conventional 
semiconductor substrate do not occur in the magnetic field detecting element-ef 
h i gh s e ns i t i v i ty, wh e r ei n th e p i tch b e tw ee n th e coi l s i s f i no, i s poss i b l y 
manufactured accordino to an embodiment of the present Invention, in which a 
magnetic field detectino element having high sensitivitv and fine pitch between 
coils thereof mav be formed . 

[0072] I n th e m e antim e , th e T he well 21 1 has an approximatelv rectangular wett 

21 1 i s formed i n such a way that th e wel l has an i nc l in e d s i d e wa ll that is shape, 
but has inner sidewalls of that are g raduallv inclined i n i ts i ns i de f rom ttsan 
upper pa rtportion thereof to ttsa bottom thereof, a nd which mav be formed by a 
variety of the etching technologies generally well known in the art . 

[0073] Also, as shown in FIG . 7F and F I G. S. 7G and 7H . the first and the 

second coils 250, 260 are connectedr by means of a third coil 300-fWed -. which 
is formed upon formation of the second coil 260, to -bv filling with metal t hrough 
holes 290, 290' formed on both ends of the soft magnetic core 220 bv -and 
passing through the first and the-second insulating films 230, 240. 

T¥^A method for manufacturing the magnetic field detecting element of 
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FIGS- 6H and 7H a ccording to an embodiment of t he present invention will now 
be described in th e fol l owing, 

[0074] WG rwith reference to FIGS. 6A through 6G a nd FIGS. 7A af ethrouoh 7G. 

[0075] FIGS, 6A and 7A illustrate cross-sectional views showing that a first 

plating mold 270 for forming the first coil 250 te^formed on t*^an upper surface 
of the semiconductor substrate 200 in which the well 21 1 is formed.. Although 
not s pecif icallv-RGt shown in th e draw i no FIGS. 6A or 7A . a seed film for plating 
is formed on thea surface of the well 21 1 , and the first plating mold 270 is 
formed by exposing and developing processes after the-aphotoresist is thicklv 
spread thiek-on the seed film. In the draw i ng, tho roforonco numera l 270a i s a 
groov e of th e The first plating mold 270 has a pluralitv of grooves 270a . 

[0076] If the seed film and the first plating mold 270 are removed after m e tal i s 

fi l l e d i n such groov e t he pluralitv of grooves 270a of the first plating mold 270 are 
filled with metal bv means of thean electric plating method so that the pluralitv of 
coil tim elines 251 . 252 is formed, the first coil 250 as shown in FIGS, 6B and 7B 
is formed in F I G. 6B and F I G. 7B i s form e d on t he well 21 1 of the 
semiconductor substrate 200. At th e moment, the The first coil 250 fedoes not 
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proiQotod t o proiect above the surface of the semiconductor substrate 200 but 
fefme dfornned is in the same plane as the semiconductor substrate 200. 

[0077] After that, as shown in FIGS. 6C and HG7-7C, an insulating material is 

spread on the upper surface of the semiconductor substrate 200 in which the 
first coil 250 is formed, so that athe first insulating film 230 for planarization and 
insulationT is formed. At th e mom e nt, s i nc e th e The first coil 250 formed in the 
well 21 1 is not projected te4he -bevond an upper s urface of the semiconductor 
substrate 200j, but mainta i nc tho an upper surface of the first coil 250 is at a 
same plane as the upper surface of the semiconductor substrate 200, so that 
planarization of the s emiconductor substrat e, it ic oacy to perform planarization 
aF>d4 t 200 is possibl e to make e asily performed, and t he insulating film 230230 
may be formed to be yery thin as well. 

[0078] After the first insulating film 230 is formed, a soft magnetic material film is 

stacked on the first insulating film 230 and athe soft magnetic core 220 is 
formed by pattern formation and etching of the soft magnetic material film, a s 
shown in FIGS. 6D and H€h-7D. 

[0079] After tha tT hen . an insulating material is spread i n f ormed to a 

predetermined thicknessy on thean upper partsyrface of the first insulating film 
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230 including the soft magnetic eofe -core 2 20, so tliat a second insulating film 
240^ as shown in FIGS. 6E and R€h-7Ei is formed. 

[0080] After that, tho port i ons tha t Portions of the second insulating film 240, 

which correspond to the-both ends of the soft magnetic core 220 of the s e cond 
insulating fi l m 210 , are etched so that the-through holes 290, 290^ as shown in 
FIG. 7F^ are formed, and thea process for fonning the second coil 260 Is 
orocoodod ■ proceeds . At the mom e n tt his time , since the thickness of the first 
and the second insulating films 230, 240 is formed v ery thin^ according to the 
charact e r is t i cs a feature of the present invention-wpon-j_etching for formation of 
the through holes 290, 290' . the etoh i no process cou l d may be performed in a 
simple manner.. Also, since it is possible to realize the-fine-pitched coils due to 
such simplification of the process, tho sensor of a magnetic field detectino 
element having high sensitivity is po ss ib l y mav be manufactured. 

[0081] The formation of the second coil 260 is performed in such a wa vmanner 

that first l y th e a seed film (not shown) is formed on thean upper surface of the 
second insulating film 240 in which the through holes 290, 290' are formed, and 
the-aj)hotoresist is spfea dformed on that -the s eed filmr4he n. Then, the second 
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plating mold 280 having a plurality of grooves 280a is formed by exposing and 
developing processes as shown in FIGS. 6F and F I G. 7 F. 



280a is filled with metal bv means of electric plating-method^ so that a pluralitv 
of coil to ellnes 261 . 262 forming the second coil 260 is formed^ as shown in 
FIGS. 6G and F I G. 7G.. At th e mom e nt, meta l i s f ill ed in t his time, the through 
holes 290, 290' . whor e b v are filled with metal, thereby forming a third coil 300 
connecting the first coil 250 at the-a_lower side i s connect e d of the soft magnetic 
core 220 to the second coil 260 at thean upper side by m e ans of a th i rd co il 300 
that is f i ll e d i n tho through ho l os 290. 290\ o f the soft magnetic core 220. 
Therefore, the coils 250, 260 are realized in such a way that thoso co il s manner 
that the coils 250. 260 enclose the soft magnetic core 220. 
[0083] If the seed film and the second plating mold 280 te -are removed after the 

coil line 261 is formed, the second coil 260 is exposed, whereby a thin type 
magnetic field detecting element as shown in FIGS. 6H and-R6r 7H is 
manufactured.. Here, the magnetic field detecting element manufactured by the 
present invention eoul dmav reduce th e who l o an entire height of the magnetic 



[0082] 



After the forego i ng s econd plating mold 280 is formed, motal io f il lod i n 




^ach o f the platino mold 280 bv moanc oluralitv of the-grooyes 
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field detecting element bv as much as the dep tdepth of the well 21 1 formed eBin 
the semiconductor substrate 200, thus a thin structure i s possib l y may be 
realized. 

[0084] I n th e m e ant i me, on th e On an upper aa rtsurface of the semiconductor 

substrate 200, a protection film for protecting the-structures formed thereon 
GQut dmav be formed. 

[0085] As is apparent from the foregoing, according to the present Invention, 

since thea first coil is not projected te-th ebeyond an upper aaf tsurface of thea 
semiconductor substrate but is positioned within a well formed in the inside of 
th e w el l s emlconductor substrate , it is easy to perfomn planarization of the 
semiconductor substrate^ and it is possible to mak e th i n th e reduce a thickness 
of thea planarization material as well.. Therefore, performance improvement of 
thea soft magnetic core is expected thanksdue to improvement in p l anar i zat i ona 
deore&rnaR d of planarization. Further, simplification of thean etching process for 
forming thea through hole is expected thanksdue to realization of the-a.thin 
insulating film.. Also, thea pitch between the-colls eeul dmav be reduced 
thanksdue to simplification of the etching process, thus the^ensitivity of thea 
sensor eoul dmav be improved. 
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[0086] Namely. accordina A ccordina to the various embodiments of the p resent 

invention, manufacturing of thea magnetic field detecting element is simplified, 
whereby productivity improvement is expected and thea thin-type element of 
good sensitivity i s poseib l v mav be manufactured as well. 

[0087] Whi le th e inv e nt i on has be e n shown and d e scribed w i th r e f e r e nc e to 

c e rta i n pr e f e rr e d e mbod i m e nts thoroof to exp l a i n the pr i nc i pl e of tho procont 
inv e nt i on Exempiarv embodiments of the present invention have been disclosed 
herein and, althouoh specific terms are emploved. thev are used and are to be 
interpreted in a generic and descriptive sense onlv and not for purpose of 
limitation. Accordinalv , it will be understood by those skWe dof ordinary skill in 
the art that various changes in form and details may be made th e r ei n w ithout 
departing from the spirit and scope of the present invention as d e f i n e d bvs et 
forth in the app e nd e d f ollowino c laims. Thorofor e , a l l such prop e r mod i f i cat i on s , 
ohangos and e qu i va le nts of th e e mbod i ments of th e pr e sent i nvent i on w ill fa l l 
w i th i n th e scop e of th e i nv e ntion. 
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